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© Debris resistant fuel assembly. 



© A fuel assembly for nuclear reactors which com- 
prises the usual upper and lower tie plates and fuel 
rods (6) extending between them is made debris* 
resistant by providing a grid spacer (2) in contact, or 
very nearly so, wfth the lower tie plate and so 
positioned as to subdivide the usual openings (14) In 
the lower tie piata (4) which are provided for the 
passage of cooling water. This causes debris to be 
trapped in the openings (14) of the lower tie piste 
(4), and keeps it from contacting the fueled portion 
of the assembly. 
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DEBRIS-RESISTANT FUEL ASSEMBLY 



This invention Is (Srected to a debris-resistant 
nuclear fuel assembly particularly for pressurized 
water reactors. 

BACKGROUND 



In pressurized water reactors, the nudear fuel 
is in the form of rods, which are held by grid 
spacers containing springs which press the rods 
against other springs or against dimples. A plurality 
of these grid spacers Is positioned along the length 
of the rods, which may be ten or twelve feet The 
rods extend between, but ordinarily do not pene- 
trate, upper and lower tie plates. These plates and 
the grid spacers are attached to tie rods which 
usually also serve as guide tubes for the control 
rods which vary the reactivity of the assembly. The 
tie rods are often secured to the tie plates by quick 
release mechanisms which permit disassembly of 
the fuel assembly. The grid spacers are positioned 
at intervals along the length of the rods, with the 
lowest usually being several inches above the low- 
er tie plate. The fuel rods expand several Inches In 
length during their Irradiation and the location of 
the upper- and lowermost grid spacers must take 
this into account. 

One of the problems in connection with the 
operation of nuclear reactors is the accumulation of 
debris of various types, which may occur during 
th original construction or during repair and may 
include nuts, bolts, metal turnings, shavings, and 
various kinds of trash. The upper and lower tie 
plates are provided with comparatively large open- 
ings for the flow of water. The largest debris, which 
will not pass through these openings, causes no 
particular trouble. The smallest which may be, for 
example, of the size of ordinary sand grains, 
passes through the assembly, again without caus- 
ing any particular difficulty. The intermediate size 
debris, however, can be extremely troublesome 
since it may be caught between the fuel rods, and 
abrade them. This can cause escape of fuel and 
fission products into the cooling water, creating 
radiation problems. The tendency to lodge between 
fuel rods is particularly prevalent m the portion of 
th rods below the lowest grid spacers. 

One of the attempts to mitigate the debris 
problem has been to use very long end caps, 
which extend from the ends of the fuel rods to the 
lowermost grid. Thus, the portion of the rod which 
is most exposed to abrasion by the debris does not 
contain fuel, and therefore does not give rise to the 
problem of radiation escaping as described above. 



However, this has the disadvantage of replacing a 
portion of the fuel by inert material, and thus reduc- 
ing the available power of the assembly. Another 
proposed solution has been the provision of small 

s holes In the lower tie plate which act as a screen 
and to prevent the debris from contacting the fuel 
rods. However, this increases the pressure drop 
through the assembly and can result in a lower 
coolant flow and, therefore, lowered permisstole 

to power level. Moreover, the debris which does not 
pass through the lower tie plate is held there and. 
when the circulation of the cooling water Is dis- 
continued, drops to the bottom of the reactor ves- 
sel where it Is available to cause trouble the next 

rs time the circulation is started. 



BRIEF DESCRIPTION OF THE INVENTION 

20 

According to this Invention, the design of the 
assembly Is such that it effectively traps the debris 
so that It does not contact the fuel portion of the 
fuel rods, and holds it there so that It is removed 

23 from the assembly during the refusing operation. It 
does not materially increase the pressure drop of 
the assembly and does not require the use of 
excessively long end caps with their resultant toss 
of power. The design is such that there is a cross 

30 flow of fluid between channels so that all the rods 
are effectively cooled, even though some spaces 
are partially blocked by the debris. 

In order to accomplish this, a fuel assembly 
grid space, preferably similar to that shown and 

35 described in EP-A-0237064 , is positioned on, or at 
the most only slightly above, the lower tie plate. It 
is so positioned as to divide the openings of the 
lower tie plate into smaller openings. The arrange- 
ment is such that debris which can pass the open- 

40 ings of the tie plate will encounter the edges of the 
structural members of the grid spacer and be held 
there, i.e- within the lower tie plate, or extending 
slightly into the grid spacer, depencfing on the size 
and shape of the piece of debris. The rods pene- 

45 trate sufficiently into this lowermost grid spacer as 
to be held in position thereby, but not so far that 
the fueled portion will encounter the piece of de- 
bris. In determining the degree of penetration of 
the lowermost grid spacer, an allowance for up to 

so two inches of irradiation fuel growth must be made 
in order to maintain the proper relationship during 
the life of the assembly. To ensure spring contact 
over this range, the depth of the end spacer lo- 
cated against the lower tie plate must be Increased 
over that of a normal spacer. When the grid spacer 
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fa of th design referred to above, this has the 
benefit of increasing the fuel rod restraint and rod 
support surface area. This should decrease the 
probability of fretting of the fuel rods by the grid 

in order to minimize red vibration and fretting, 
H is particularly important to maintain proper spring 
load on this lowermost grid spacer, ft is aiso desfr* 
able from the standpoint of neutron economy to 
use an aiJ-zfrcatoy spacer. This aiso avoids the 
presence of cobalt (a constituent of InconeJ), which 
becomes intensively radioactive under neutron irra- 
diation. According to another feature of this inven- 
tion, the spring load on such an afl-zfrcaioy spacer 
can be further enhanced by orientation of the roll* 
Ing directions for specific spacer parts. Irradiation 
causes growth in roping direction in products made 
of zfrcaioy sheet stock. No significant growth is 
experienced in the other direction. Tests on a spac- 
er design of the type referred to above, indicate the 
local loads due to targe spring deflections at ail rod 
support locations increase the spacer envelope 
somewhat. Conversely, the restraint of the enve- 
lope to a small extend would deflect the spacer 
springs, increasing the load on the rods. The pre- 
ferred orientation of the rolling direction is therefore 
perpendicular to the strip length for peripheral 
strips, thereby restrain In the overall envelope, and 
parallel to the length of the internal strips. Restrain- 
ing the length of the internal strips would cause the 
spring heights to increase, which would tend to 
counterbalance the effect of irradiation induced re- 
laxation of the springs. 

The same thing can be accomplished by using 
fully recrystaJOzed annealed zircaioy in the perim- 
eter strip and cold worked, stress relieved internal 
(lattice) strips. Gold rolled, stress relieved zircaioy 
grows much more due to irradiation than does the 
recrystailizsd annealed material. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the drawings. Figure 2 is a partial perspec- 
tive view of the lowermost grid spacer and the 
lower tie plate of the assembly in accordance with 
this invention. Rgure 2a is a view partially in eleva- 
tion and partially In section of a fuel rod. Figure 3 
is a partial section on the line 3-3 of Figure 2 
showing the relationship of the lowermost grid 
spacer and the tie plate and illustrating the flow 
paths formed by them. Figure 4 Is a partial section 
of the lowermost grid spacer and the lower tie 
plate. 



DETAILED DESCRIPTION 



The general type of fuel assembly with which 
tiiis invention Is concerned, is illustrated in Figure 
s 1. As illustrated in that figure, the fuel assemblies 
are made up of a large number of vertical, closely 
positioned fuel rods 22 which are held In place by 
grid spacers. The lowermost of these grid spacers 
Is ordinarily positioned several inches above the 

ro lower tie plate 4. The rods 22 extend through the 
grid spacer, and terminate close to the tie plate 4. 
in accordance with this invention, the lowermost 
grid spacer Is positioned in contact, or substan- 
tially, so with the lower tie p&te. This is illustrated 

is in Rgure 2, wherein the lowermost grid spacer 2 is 
shown resting on lower tie plats 4. One of the fuel 
rods is illustrated at 9. extending part way through 
the grid spacer, as best shown in Rgure 4. A 
plurality of guide tubes 8 extend completely 

20 through the grid spacer and are secured to the tie 
plate 4. They are similarly secured to an upper tie 
plate (not shown) and act as tie rods to bind the 
assembly together. 

The grid spacer is preferably of the general 

26 type shown in EF-A-0237064. Similarly to the con- 
struction shown in that patent the grid spacer 2 Is 
formed of double rolled strips 13, which are de- 
formed to provide channels 10. As shown, these 
channels are Initially bowed outwardly, so that they 

so engage the fuel rods and act as springs to hold the 
rods In position. When the rods are inserted they 
are flattened to the position shown at 10. in con- 
trast to the disclosure of the last named patent, 
however, these channels need not be curved to 

as deflect the cooling water, but may be vertical. 
Between the channels 10, there are openings 11 in 
the lattice strips. These serve two purposes; They 
add flexibility to the structure, and aiso provide 
passages for the lateral flow of cooling water be- 

40 tween channels. If one channel Is blocked by de- 
bris, the water can flow into it from other channels, 
and thereby prevent overheating of the fuel rods. 
These grid spacers are made deeper than normal 
in order to provide for changes in position of the 

45 lower ends of the fuel rods with irradiation growth 
due to exposure. 

Figure 4 shows a rod at three points, at 8 it Is 
shown in what may be called the "normal" position 
of the fuel rod, Q shows the maximum upward 

60 travel white 8* shows the maximum downward trav- 
el. In order to secure optimum behavior, the rods 
are modified from the usual form as shown in 
Rgure 2a where the rod 6 Is provided with a 
somewhat elongated end cap 12, which is of the 

56 same outer diameter as the fuel rod. The use of an 
extended rod end cap having a diameter equal to 
or greater than the maximum cladding diameter 
eliminates the possibility of rod support gaps for- 
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ming du to irradiation induced cladding creep- 
down. This facilitates the support of the rod above 
trie tie plate, and the soHd end provides a greater 
distance between the fueled portion of the rod and 
the trapped debris. 

Figure 3 shows the relationship of the fuel rods 
8. the lattice strips 13 of grid spacer 2, and holes 
14 of tie plate 4 (the fuel rods are shown in 
phantom lines for greater clarity in illustrating the 
relationship), it will be seen that the lattice strips 13 
divide the holes 14 of the tie plate Into smaller 
passages and that the double strip construction of 
members 13 is particularly effective in this regard. 
As wifl be seen by comparing this figure and Fig- 
ure 3, the holes 14 and the strips 13 form a trap for 
debris and keep it from reaching the fueled por- 
tions of fuel rods 6. 

As has been explained above, the lattice strips 
13 and the perimeter strip 16 of the grid spacer 2 
are so cut from the arcaJoy sheet stock from which 
they are made that the rolling direction of the stock 
is parallel to the width of the perimeter strip, i.e., 
verticaHy in Figure 2, and longitudinally of the lat- 
tice strips, i.e„ horizontally in Figure 2. Alternative- 
ly, the perimeter strip 16 may be made of re- 
crystaiiized annealed zircaloy and lattice strips 13 
of cold worked, stress relieved zircaloy. As has 
been explained, this results In restraining the length 
of the lattice strips so as to cause the spring 
heights to increase with irradiation, and counterbal- 
ance the effect of irradiation-induced relaxation of 
those springs. 



Claims 

1. In a fuel assembly comprising an upper tie 
plate and lower tie plate, a pluraflty of fuel rods 
extending therebetween and a plurality of tie tubes 
extending therebetween, and secured to said uppsr 
and lower tie plates, a plurality of grid spacers 
positioned between said tie plates and comprising 
intersecting strips forming cells through which said 
fuel rods extend, each of said tie plates comprising 
relatively large openings through which coaling wa- 
ter flows into said assembly; the Improvement 
comprising a grid spacer positioned substantially 
on said lower tie plate and arranged to subdivide 
the openings in said tie plate to trap debris and 
prevent it from entering spaces between said fuel 
rods. 

2. A fuel assembly as defined in Claim 1, 
wherein said grid spacer is formed of intersecting 
double strips, said double strips being deformed to 
provide channels for cooflng water. 



3. An assembly as defined in Claim 2, wherein 
the walls of said channels are bowed outwardly 
intermediate their height to provide springs which 
contact said fuel rods. 

5 4. An assembly as defined In Claim 2, wherein 

the holes in said lower tie plate are substantially 
circular and the Intersections of said strips are 
approximately centered. 

5- An assembly as defined In Claim 4, wherein 

10 each of said fuel rods has at its lower end, an end 
cap projecting from the fueled portion of said fuel 
rod by a distance of the general order of half the 
height of said grid spacer which is in contact with 
said lower tie plats, and having a diameter at least 

is as large as the cladding of the fueled portion of 
said fuel rod. 

6. An assembly as defined in Claim 5, wherein 
said grid spacer In contact with said lower tie plate 
has a height greater than the other grid 

so 7. An assembly as defined In Claim 3, wherein 
the grid spacer substantially in contact with said 
lower tie plate Is made substantially entirely of 
zircaloy, and the perimeter strip and transverse 
strips are formed from zircaloy sheet stock in such 

23 a manner that the roflbig direction of the sheet 
stock is in the narrow direction of the perimeter 
strip, and in the longitudinal direction of said trans- 
verse strips. 

8. An assembly as defined in Claim 3, wherein 

30 the grid spacer substantially In contact with said 
lower tie plats Is made substantially entirely of 
zircaloy, the perimeter strip thereof being of re- 
crystallized annealed material and intersecting 
strips being of cold-worked, stress-relived material. 

35 9. A grid spacer for a nuclear reactor compris- 
ing a perimeter strip forming a polygon and a 
plurality of Intersecting grid strips abutting said 
perimeter strip and extending across said polygon 
so as to form a plurality of cells for the reception of 

40 fuel rods, said grid strips being deformed to form 
channels extending perpendicular to the lengths of 
said grid strips, said channels being bowed out- 
wardly Intermediate their lengths to form springs 
for retaining said fuel rods, said grid strips and said 

46 perimeter strip being formed of material so se- 
lected mat said grid strips have a greater elonga- 
tion under nuclear irradiation than said perimeter 
strip. 

10. A grid spacer as defined in Claim 9, 
60 wherein said grid spacer Is made substantially en- 
tirely of zircaloy. 

11. A grid spacer as defined In Claim 10, 
wherein said perimeter strip and said grid strips are 
formed from sheet stock In such a manner that the 

36 rolling direction of the sheet stock is in the narrow 
direction of the perimeter strip and in the longitudi- 
nal direction of said grid strips. 
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12. A grid spacer as defined in Claim 10, 
wherein said perimeter strip is formed of recrystah 
feed annealed material and said intersecting strips 
are formed of cold-worked, stress-relieved material. 
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